- L 3 (=] [- ] [ )
nIsRUMIBUATUNEIT IuNETA N anA YN

UMA UsuaR quviaiigan

Inenfinusiiiludunisvesnis@nsmunai nanTUTyuAneAARI AR iusn
M TNTAART (AVAI17317)
UUARINENRE  QWIRINTIUNMINERE
Un19Anwn 2550
Av@vEresavinnsalnmineds



TO SEARCH FOR NEW CANDIDATE TUMOR SUPRESSOR GENES IN NASOPHARYNGEAL
CARCINOMA (NPC)

Miss Pattamawadee Yanatatsaneejit

A Disserfation Submitted in Partial Fulfilment of the Requirements
for the Degree of Doctor of Philosophy Program in Biomedical Sciences
(Interdisciplinary Programy)

Graduate School
Chulalongkorn University
Academic Year 2007
Copyright of Chulalongkorn University

0015627



Thesis Title TO SEARCH FOR NEW CANDIDATE TUMOR SUPPRESSOR GENI
NASOPHARYNGEAL CARCINOMA (NPC)

By Miss Pattamawadee Yanatatsaneejit
Field of Study Biomedical Science
Thesis Advisor Assistant Professor Virote Sriuranpong, M.D., Ph.D.

Accepted by the Graduate School, Chulalongkorn University in Partial Fulfillment

the Requirements for the Doctoral Degree

Dean of the Graduate Schoaol

(Assistant Professor M.R. Kalaya Tingsabadh, Ph.D.)

THESIS COMMITTEE

(Associate Professor Shanop Shuangshoti, M.D.)

S e
Lng,ﬂch' /,f brasoeeh—

......................................................... External Member

(Danai Tiwawech, Ph.D.)



Uguan yoeiaileRe : nsRuwidudunsdalunsiainsandaayn. (TO SEARCH FOR
NEW CANDIDATE TUMOR SUPPRESSOR GENE IN NASOPHARYNGEAL

CARCINOMA) &. fitfinwn: ua. ag. 3lssud AigrnTwad, 76 win.

TumsBuwuiunnilunsinsadsayndnsainnisfududeyanisuanieen
yesfunFoudousswiasadusGainsmiasynivaatunilao@eniuifinisusnteenyes
fuluaaduzdainitluaadnd taslunsingadtanmsn Gentuiiaula Wiy 8 fu
wazwivesnidu 2 nqu Tnelunguitvilalszneuon RARREST, HRASLS3, LOH11CR2A uay
mee Jaduiudnzihasdia it taziulunguiiaassznaudon CONAT.CLMN, EML1
war 75C22 Feduiufeghdituaiiinase s llasdalisdaduavelugsenima
nTueestusitunsi zﬂ,ﬂmﬁﬁuﬁ’;‘ 8 ﬁn'ﬂﬁﬂmmnwaﬂu’luu:ﬁﬂhﬂuﬁ’qqgnﬁ'ﬂnfiﬂ
asUnR "'iqmmquﬁ'ﬂ'ﬁnmmqu&nI'-H"mn"mﬁi___.umjmﬁnﬁ!ﬁmmTﬂtTmmhmﬁuﬁwu:ﬁq
Fodulunasfnsafsidainmsdusuinasfdulmieedinsmiayniaonmmassy
madamiudiatonblusefrestc 8 Sy laanfoulusadids iU waddindenreny
Unfi Fauanisdantaanudinilifies 3 fude CCNAf;f‘MR.Ef unz HRASLS3 winifufinuns
Wmjuiia lusduzFud hinuluasddinfesnisnesnung nhAnNIAmAneLNTT
Lﬁuugmi‘quﬁ! 38U Tny:ﬂ‘mmﬁﬂu'lﬂumﬁumhﬂﬁmm 100 376 ladiSinAen110189AL
Unf 30 318 uat AU 20 118 UG INTANVLBMARLTIO0INS I AeTI8s CONAT 57%,
RARREST 54% Uax HRASLS3 24% vananiifamudnTly primary cell culture SNAANUYNT
8783 CCNAT 100%, RARREST 83% st HRASLS3 17% s nnisns-lusdsiinnldaunsn
aqUleidn CCNAT. RARRES1uay, HRASLS3 ThiEiuginums Faindmihasdainsavdasyn

819719 Fanrmani aeiledeian il imdddcdn.
UnsAne 2550 muﬁa’iﬂmm:ﬁﬁlﬁnm....ﬂﬂ.&..@ .........



## 4680672120 : MAJOR BIOMEDICAL SCIENCE
KEY WORD: PROMOTER HYPERMETHYLATION/ TUMOR SUPPRESSOR GENE / NASOPHARYMNGEAL
CARCINOMA

PATTAMAWADEE YANATATSANEEJIT: TO SEARCH FOR NEW CANDIDATE TUMOR
SUPPRSEEOR GENES IN NASOPHARYNGEAL CARCINOMA.
THESIS ADVISOR: ASSIST PROF VIROTE SRIURANPONG, M.D. Ph.D., 76 pp.

To search for new candidale lumor suppresser gene in nasopharyngeal carcinoma
(NPC), we studied from the expression profiling compare between tumor and normal tissues.
We selected 8 down regulated genes which can be divided into 2 groups, the first group is the
genes which are tumor suppressor genes in other cancer; RARREST' HRASLS3, LOH11CR24A
and MCC. The other is the genes'which are in the crtical region of loss of heterozygosity(LOH);
CCNA1, CLMN, EML1 and TSC22. Premoter hypermethylation, which is the major factor, leads
to suppress gene expressior, In this study, we deiected promoter hypermethylation on
promoter of the 8 candidate genes in-NPC, nﬂfmﬁl'—hukocytes. Only 3 genes had promoter
hypermethylation in NPC but not in normal-leukocyte; CCNA1, RARREST and HRASLS3. We
next increased the sample of NPC to around 100 cases, normal leukecyte 30 cases and normal
epithelium cells 20 cases, there-was-promoter hypermeihylation ori CCNA1 57%, RARREST
54% and HRASLS3 24%. Moreover, we could detect promoter hypermethylation onCCNAT
100%, RARRES1T 83% and HRASLS3 17% in pnmary culture cells. This study, we concluded
that CCNA1, RARRES1 and HRASLS3 might be act as new'iumor suppressor genes in NPC.
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CHAPTER |

INTRODUCTION
Background and Rationale

Masopharyngeal carcinoma (NPC) is one of the most common cancers in
Asia, especially in Southern China and Southeast Asia. The prevalence in Thailand is 3-

10/100,000. (1) Radiotherapy is an effective tgeatment for NPC, and more than 80% of

patients with early disea

diagn sed al later sta

rm effective and more difficult. If
o m be predicted sooner, clinical

these patients can b

management would

t the development of NPC

SNy

might be attributa B action, dietary exposure to

chemical carcinogen little information of the NPC
associated genetic alte M --"' ' tification of genetic changes in this

b is of NPC tumoarigenesis. Previous

studies have shown that loss o suppressor genes is one of the causes
‘:'/“‘/J/‘ “/. -
of NPC. In ganerfk loss of Wﬂ? LI or genes results from loss of

function of two a auseq by loss of hetlerozy

promoter  hypermetiyl:
T
i1

2] y@tudieﬁ revealed promoter

hypermethylation in Several cancers including NPC. (9-1 Y In MNPC, methylation of the

tumor suppresiur genesqstfch aS-RASSF1A, TSIEY and HIN-1 has been found in

jo borlbidalolger Hbnenal 251 | | ) N
ROV RN IA YWY L1201

profiing by high density cDNA microarray. This comparative analysis between normal

primary tum

nasopharyngeal epitheliums and tumor tissues revealed numerous differentially
expressed genes. The number of genes differently expressed between them was 477

genes whose expression level was up-or down-regulated in cancer type. (16) In this



study, we selected 8 down regulated genes from microarray data to search for new
candidale tumor suppressor genes. Eight genes were divided into 2 criteria, the first
group was genes located on critical region of LOH on chromasome 13 and 14; CCNAT,
T5C22, EML1 and CLMN. (17) The other group was genes which are tumor suppressor
genes in other types of cancer; HRASLSZ (in lung cancer) (16,18), RARREST (in lung
cancer, prostate cancer and head and neck cancer) (16,19-21), LOH1TCR2A (in lung

cancer and breast cancer) (16,22) and MCC (in colon cancer). (16) To verify whether

methylation of these 8 genes is spe if ’. mior cells, all of them are detected through
analysis of promoter meth afio N tume / rmal white blood cells. We found
that CCNA1, HRASLS3 a RE : or cells. Taken together, these

1. arfay data, which do n-regulated genes may be

of these candidate tumor suppressor

‘:&_‘_T*':WT“'E"*":*'W ssor es in NPC.
\Z oy i

2. ﬂstudy he col gen n@'nnter hypermethylation on

putativstjmur suppressor genes and clinical data.

wRETUUINIUINTT )
QW’T BNTURES S i ra L)

2. |f there is promoter hypermethylation on down-requlated genes in

NPC cells not in normal cells, these genes may be putative tumar

SUPPressor genes.



3. There may be the correlation between promoter hypermethylation of

putative tumor suppressor genes and clinical data such as sex, age

and tumor stage.

Conceptual framework

\ui. t:--! gﬂmmh
be tumor supprassor genes N s

nay be oncogenes

Are downregulatec
data candidate tu

4 genes located on

i ion ofLOH
critical region af L4

Screening facpromater hypermethyl
E paring between primary

ﬂW’]@ﬁ NIUURINEIRE



Screening for promoter hypermethylation of 8
genes comparing between primary tumor and

Primary tumor

Normal WBC

FONUUMUSNNS

methylation

methylation

LOH11CR2A

methylation

unmethylation

- CCNAT1
- HRASLS3
- RARREST

b Y
thylation of 3 genes

ary tumors and normal tissues,
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Expected Benefit and Application

1. The results of this study will help us to understand the mechanism of NPC

tumorigenesis,

2. To search for new tumor markers in NPC
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CHAPTER I

REVIEW OF RELATED LITERATURE

Masopharyngeal Carcinoma (NPC)

Histopathology

MPC is distinguished fr s} W neck cancers by its histopathology,
epidemiology, clinical charach ;; - The World Health Organization

accarding to the predominant

histological pattern, ous cell carcinoma similar to

carcinomas that arise ¢ This type is not commaon in
endemic areas. W ell carcinoma while WHO
type Il s an u f aten H Acinoma '- ypes are referred to as
lymphoepithelioma or ; tug 7 ,. i |thel:al turmors with  heavy

lymphocyte infiltratior, respectivaly: They aréicam: ?i endemic areas. (23)

NPC is a rare disease.in mesi parts bl theworld. It occurs with a high incidence

in Southern Chind,Se ¢ tions including North Africa
. ‘

and Eskimos. The nclude EBVY infection, genetic

susceptibility, and a rnnma actors, (24, 25) EBV assogiation in NPC refers to those

situations in which the vnrﬁgennng or gene pmducts are detected within tumor cells.

This virus eﬁﬂ % Wﬂ' every viral episome

carrying an identical number of termrnal repeat regluns his SUWIS that such

RN TR ?mﬁi‘ﬁ TErINe
dnsea*s as a conseguence of pnmary and latent infection. virus primarily infects

the oropharyngeal epithelium. EBV then replicates, lyses, and infects B-lymphocytes.
After infectian, the virus enlers the lytic phase and causes diseases ranging from mild
self-limited iliness in children to Infectious mononucleosis (IM) in adolescences and

adults. However, in some cells the wirus will switch to the latent phase. These latently



infected B-lymphocytes have the inclination to turn into lymphoma such as Burkitt's
lymphoma (BL), Hodgkin's disease (HD) or can play an important role in the
dissemination of infection in the nasopharynx. Consequently, this virus can induce NPC
development (Figure1). (26-28) In addition to EBV, environmental factors include the
ingestion of Chinese style salted fish, especially during childhood. Several carcinogenic
volatile nitrosamines have been detected in Chinese salted fish. Besides salted fish,
exposures to other preserved food products, such as salted shrimp paste, fermented
soybean paste and various types of salled vegetable, have been shown to be related to
NPC risk in Chinese. (24,29,30) Amang non-digtary environmental exposures, tobacco

smoking has been suggested to be a risk facterfor NPC, (31-35)

/@ Oropharyngeal
P i

@ e O] Infectious Mononucleosis
-

Acute Infection

— 3 @ Burkitt's
Lymphom

Malignancy
- Nasopharygeal
Carcinomna

Figure1 A model of the Epstein-Barr Virus infection and disease development

B Lymphocyte

MNasopharyngeal Epithelium



Mechanism of Nasopharyngeal Carcinogenesis

NPC involves multiple genetic alterations. The genetic alterations include the
inactivation of tumor suppressor genes and activation of oncogenes. For example,
previous studies reported frequent allelic loss on chromosome 3, 9, 11, 13 and 14,
suggesting potential locations for essential tumor suppressor genes. (36) In addition to
mutations, viral carcinogenesis involves interactions between viral oncoproteins and its

host. Latent membrane protein 1 (LMP1) is a well-known viral oncoprotein from EBV. It

can inhibit p53-mediated apoplos R thedinduction of A20 anti-apoptosis gene.
LMP1 expression in epithelialeells activate ion factor NF-KB. (37) Therefore,

the upregulation of A20 expressie _activation. Intereslingly, LMP1

has been shown to eng age « r necrosis receptor (TNFR).
Activation of this signalia@ ligand binding to this family
of receptors, and I may be important for the
inhibition of apoptosis | . (38) Additionally, LMP1
also induces expressi ] actor receptor), leading to a
deregulation of cellular gro \ MP1 resembles those activated
Ras molecules, suggesting a RO DIt
P ESSOUERY

Since overexpression of the EGER=by

LFIRIINY, =3
LMP1 may exert i:ﬁmnm'mjﬁr al ¢ ia.deregulation of the EGFR.
‘\ - - - 4 - g "ty

{39) In conclusion;, LN use of mereaseq proliferat fa ignals due to enhanced

EGFR expression, a MP1 induced A20 expression

&
I
can contribute to development of epithelial malignancies.

e NUVANEIUTNT
ANIRINIREN AN RE

oncogenes, whose normal activity promotes cell proliferation. Gain of function mutations
of these genes in tumor cells create forms that are excessively or inappropriately active.
A single mutant allele may affect the phenotype of the cell. The nonmutant versions are

properly called proto-oncogenes. The other group is tumor suppressor (TS) genes. TS

gene products inhibit events leading toward cancer. Mutant versions in cancer cells



have lost their function. Some TS gene products prevent inappropriate cell cycle
progression, some steer devian! cells into apoptosis, while others keep the genome
stable and mutation rates low by ensuring accurate replication, repair and segregation
of the cell's DNA. Both alleles of TS gene must be inactivated to change the behavior of
the cell.

Tumer suppressor genes can be divided into 2 classes.
The Class | Tumor Suppres or Gen
Since the identification pressor gene,more than 20 other
\ /
genes have been shown i0'be mutaled o tumours, Retinoblastoma tumor
suppressor gene (pRB)) Protein 55 {p‘, %’:prmm gene (WT1) Breast

cancer{BRCAT), Breasi.caneei BRC 'r. gnomalous polyposis coli (APC),

Meurofibromin1(F1), apg gurefibroming (NF. A0, |} The genes disrupted in a
majority of human €ancefs are/RE ' ‘ e, BRCA1 and BRCAZ were
demensirated to plagan imp, / arian and breast cancers.
(42).

The RB1 gene waglthe firstdiior st pp lessor géne to be isolated and cloned.
(43]The product of this fgenes astama protein, pRB, is a nuclear
phosphoprotein which mediatés ugh the first phase of the cell cycle,
playing a major role in mm%f' ell divis on &nd. differentiation. (44) Cytogenetic
studies of chromgsemalalierations.in.a.chidhood. tetnoblgstoma, and in breast, lung
and pancreatic c »

chromosomal ab:ﬂl'

ions on chromosome

een tumorigenesis and

13g14 " ere the RB1 gene is

located.(45]The inactivation-6f onezof the RB1 alleles=by point mutation or deletion was
demnnstrate@ ﬂqu%w &}Heﬁﬂ;}y OH) on chromosome
13. (46) In order to explain the naturesef retinoblastoma formation, Knédson suggested
oo YN NS T b ] ) Y ek s
both cpies of a gene are necessary for retinoblastoma development. The first could be
either a germline or somatic mutation, whereas the second mulation is always somatic.

This hypothesis illustrated how somatic and inherited mutations might collaberate in
tumarigenesis, and also proposed that mutations of tumor suppressor genes have a

recessive character, behave recursively at the cellular level.
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The TP53 tumor suppressor gene was demonstrated to carry homozygotic somatic
alterations in roughly 50% of all human tumours. Mutations in the single copy TP53 are
the most frequent genetic changes yet shown in human cancers and occur in 70% of all
tumers, Further investigations revealed that in contrast to the pRB protein and Knudsons
“tweo-hit hypothesis”, the TP53 carries mutations leading to development of cancer in a

dominant negative fashion. (47)

The TP53 encodes a transcription factor activated in response to physical or

tion of apoptosis, cell cycle progression

into G1 and GZ phases, mod ;'.', on replication and repair, preventing
praliferation of cells with damaged ¢ i @mr&ssinn of wild type TP53 in
different cell types lea : | he induction of apoptosis in
SQUaMOouUs Carcinomi
in the control of the gl gfcheck-paints | 2Ny hR) ependent kinases inhibitor

WAF1

p21" , functioning a 1 sbppresser itself (50; 5 . O ther p53 effectors playing a
critical role in apoplosisSi i '_‘ : h signalling receptor Apo-1/Fas (52), the
repressor of apoplosis E and the death receptor DRS.
Several members of | example, auxiliary subunit of
polymerase ™ (PCNA), RPA) were also described as p53

targets.

The class Il ﬁmma

are not mutated during tumorigenesis but rather have sustained a blockage of their

expression Iﬁnd‘j e mm In jﬂ some genes exhibit

features of cl 1am u i 11\‘ : as in other type they
Qu/

O NI 7AW 3 1

freq Wlﬂ t oidl | : mpl t o al d gastric

u
q

cancer (55), whereas Interferon Regulatory factor 1 (IRF1) iz described as a class |l

nted %EF‘IES which, unlike class |,

tumor suppressor in ovarian cancer. (56) Dysfunction of maspin via mutation was
identified in prostate cancer (57), whereby down-regulation of this gene is characteristic

for many other tumors where the gene is not mutated. (58) An important feature of the
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class Il tumor suppressor genes is that their down-regulation 1s reversible. The normal
genes are present, and their re-expression might be induced by drugs or other
treatments. This finding makes such genes attractive targets for cancer therapy, It is
known that inactivation of the expression takes place on the transcriptional and
translational levels during cancer progression. However, up until now the mechanisms of

the gene silencing have not yet been elucidated in much detail.

Loss of function of tumor s \\ ’W

The background to ¢ .,; stand

es is described by Knudson's
work in 1971 on retingb hypaihems This hypothesis
explained the mechanis nactivates TS genes, dlrlg to cancer as described

in figure 2

Somatic cell in

dar call of tumor

normal person

somalics cells

person with familial

foNTANgUSNNS
@Wﬁrﬂ'@ﬂwummmaﬂ

Knudsun s study has shown that TS genes are recessive genes. Therefare, loss
of function of these genes are resulted from inactivation of bath alleles. Loss of function

of these genes usually results fram loss of heterozygosity (LOH) along with promoter
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hypermethylation. LOH along with mutation is rare. Sometimes loss of function results

from homozygous deletion.

There are many groups study the cause of loss of function of TS. The first group
revealed the methylation status of the promoter region of multiple TS gene at
chromosome 3p in esophagus squamous cell carcinoma. (5) The second group
revealed the concordance between LOH and methylation was 56% for breast cancer

cell lines and 48% for primary b inoma, respectively. For lung cancer, the

concordance between LOH ani ' 3% for lung cancer cell lines and
43% for primary NSCLC samples, tespect e third group studied the LOH of

nasopharyngeal tissues jfor nce individua 5.in 3 Kong showed 3p LOH on

one or more loci ex ludy has suggested that deletion of chromosome 3p is

1. Eplganaﬂcsﬂi M

Epigenetics
P W A PN

o BN ALIBAIA LTI T o ot s conines
outside of DNA itself and by means ef‘which stablealierations in gene-éxpression are
RN bW o b v
of binﬂgmai processes such as embryonic development, cancer biology, and immune
system response among many others. The two most widely studied epigenetic changes
are DNA methylation and histone deacetylation. However, others have complicated the

situation such as the RNA interference phenomenon, which has proven to be implicated
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in transcriptional silencing through small duplex molecules that recruit silencing

complexes to the chromatin.

DNA methylation

DNA  methylation, the addition of a methyl group to the 5'carbon of

deoxycytosine, is one such epige gl m ification found in DNA. (61) It is heritable and
mals, the major target for DNA
methylation is found in tide is the cytosine located
next to a guanine(5

distributed in the

ethylation are not equally
ences present in satellite
repeat sequences, 8 omeric repeat sequences
and CpG islands. Cp 0 g ' I 00 bp with a GC content of
over 50% (in contrast t ac d u 40%) with an observed over

expected ratio of C estingly, CpG islands are found
mainly in the 5 -regio
expressed genes. They u allfliééﬁé»

sometimes into mtmn 1 (B4} M/ﬂ ;

/\‘J

as some other tissue -specific
oter region into the first exon and

5 are unmethylaled in normal cells;

howewver, there ar :‘ ertain  where th s become methylated and

in the vicinity of :mprmted@ﬁneﬁ have also been founci to be methylated in an allele-

specific ma ur" pG islands become
methylated with age Em Lstarlg'sjjr?’ usua uﬂlawmer GC-rich
) "‘ﬂ‘w NARILTT AP SN W A (5 b
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Mechanisms of DNA methylation

DNA methylation is mediated by a family of DNA methyltransferases (Mtases)
that include Dnmt1, Dnmt3a, and Dnmt3b. Dnmt1 is a maintenance Mtase that primarily
replicates methylation patterns, while Dnmt3a and Dnmt3b are capable of methylating
previously unmethylated DNA, referred to as de novo methylation. (63) DNA methylation
patterns are established during differentiation, and serve to suppress genes
unnecessary for the function of the mature cell. This involves de nove methylation of
DNA, and requires Dnmt3a and Dnmt3b. (70) Their role in mature cells is less clear, but
Dnmt3b appears to be necessary for maintaining methylation of pericentromeric
heterochromatin . (7 1) Following differentiation, the patterns are replicated during
mitosis by the maintenance DNA Mtase Dnmti. (62) During mitosis, Dnmt1 recognizes
hemimethylated CG dinucleatides in the parent DNA strand, and catalyzes the transfer
of the methyl group from S-adenosylmethionine (SAM) to the cytosine residues in the
unmethylated daughter DNA strand, producing symmetrically methylated sites and

maintaining methylation pattemns (Figure 3). (69)

Cytosine S-methylcytosine
NH,
CH,
m DNA W N
H

S-adenosylmethionine S-adenosylhomocysteine

Figure 3. Cytosine methylation: -The DNA methyltransferases catalyze the
transfer of the methyl group from S-adenosylmethione to cytosine, producing 5-

methylcylosine and S- adenosylhomocysteine.
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Mechanisms of gene suppression

The methylation of CG sequences can affect nearby gene expression.
Hypomethylation of regulatory sequences usually correlates with gene expression, while
methylation results in transcriptional suppression, In contrast, methylation of coding
sequences generally has little effect on gene expression. (72) Methylation suppresses
transcription by at least three mechanisms: Methylation of recognition sequences
prevents the binding of some franscriptienfactors such as AP-2. (73) A family of
methylcytosine binding proteins ha:s'baan described, which inhibit binding of
transcription factors to promoters (74) as shown Figure 4. Interestingly, all three DNA
Miases can also suppress gene expreslgion directly independent of their methylation
activity. (75) Finally, somgmethylcytosine binding proteins such as MeCP2 and MBD2
can promote chromatin copﬁemgﬁunmla'én inactive configuration through interactions

with chromatin inactivation complexes cdﬁtaihing histone deacetylases. (74) This can

affect gene expression ata distance from mg‘}methylatad region.

f




16

Transcription

- DA methylation
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i Ju!E!D Methyl-CpG-binding protein
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“MBD

Figure 4 Mechanisms of transcrptional repression by DNA methylation.

Importance of DNA methylation in normal cells

The importance of DNA methylation in the function of normal cells is evidenced
by its role in differentiation of development, X chromosame inactivation, genomic
imprinting, maintenance af chromatin structure, and suppression of “parasitic” DNA.

(75)

DMNA methylation in cancer

Tumaorigenesis is known to be a multistep process in which defects in various
cancer genes accumulate . Virtually every tumor type has revealed an enormous
complexity of altered gene funclions, including activation of growth-promoting genes as

well as silencing of genes with tumor growth-suppressing functions, all contributing to
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uncontrolled growth. Cancer gene functions can be classified into six essential
alterations in cell physiology, including self- sufficiency in growth signals, insensitivity 1o
growth inhibitory signals, evasion of apoptosis, imitless replicative potential, sustained
angiogenesis, and tissue invasion and metastasis . It is now clear thal the genetic
abnormalities found in cancers will not provide the complete picture of genomic
alterations. Epigenetic changes, mainly DNA methylation and, more recently,

madification of histanes, are now recognized as additional mechanisms contributing to

7//piganetnc changes on a genome-wide

Hypomethylation ail'uatlmﬁ often used to describe relative

the malignant phenotype. The st

scale is referred to as epig

states, best understog [ediv“narmal” setting or degree of

methylation (i.e. the lg anmalignant, nonaging cells).
Hypomethylation and ‘e terms and denote less or
mare methylation than @Some sta fard O N Nhen applied to cancer epigenetics, the
standard is normal fissugd However, e  @r ' onsiderable differences in the amounts
and distribution of DN ; lon .a ‘ prmal jerent vertebrate tissues because
DNA methylation is not @ A.
The discovery of e d DNA hypomethylation in the
human genome (78) preced
hypomethylation in Sane
so that net losses G
biological 5|gniﬁnanguf D

the role in carc:nngenes:s of canz:ar linked hypermelhylﬁﬂﬂn of transcription control

s 11113 911) 11| LB Mg
AT

frequency of aberrant promoter methylation of the genes retinoic acid receptor p-2

irlinked DNA hypermethylation. DNA

many human cancers. The

ncer.ﬂless understood. However,

TOiAE A

(RAR-A), tissue inhibitor of metalloproteinase3 (TIMP-3), P .Gﬁ~rnathyltransferase
(MGMT). death- associated protein kinase (DAPK), E-cadherin (ECAD), P14*", and

glutathione S-transferase P1{GSTP1) in Non-Small Cell Lung Cancers (NSCLC). (9) The



18

second group suggested the methylation of FHIT is a useful biomarker of biclogical
aggressive disease in patients with NSCLC. (10) The third group suggested that
hypermethylation of the RAR—ﬁ and FHIT may play an important role in the early stage
of esophageal squamous cell carcinogenesis. (5) The other group indicated that
silencing of the RUNX3 gene plays an important role in pathogenesis of lung cancer,
and aberrant methylation is an important mechanism of inactivation of the RUNX3 gene

in lung adenocarcinogenesis. (11) In addition, there are several studies showed

promoter hypermethylation of uxm{ or genes in NPC. The first group

suggested that THY7 was a cand c pressor gene in NPC. It mapped

’ Al

-L778808.
with promoter \‘maﬂlyrlaﬁm HLGTEMM single transmembrane
glycoprotein thatwis' involved in cell-cell i
interaction. It is currently reported to b

cell lung cancer (NSCLC). &3)

o @A UUINYUINT
yclins form a large protéin family involved in the regulation of eukaryotic
ot 2

vl 1 ikl oo ekred o] ation of i depencin

ﬂrﬂtﬂlfg kinases (CDKs), which regulate progression between phases of the cell cycle.

ugh homophilic trans-

—
-suppressor gene in human non-small

Several CDKs function at different stages of the cell cycle and the activities of CDKs are
regulated by various cofactors and modifying enzymes. The D cyclin-associated CDK4
and CDK 6 are the earliest CDKs, being activated in G1 phase. CDK2 binding to cyclins
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E and A is then activated before S phase. CDK1 (also known as CDC2) in association
with cyclins A and B function at the GJ/M transition. (79) Human cyclin A forms
complexes with both CDKZ and CDK1. The activities of CDK2-cyclin A and CDK1-
cyclin A are required for entry into S and M phases, respectively. (80)

Human cyclin A1 is the second cyclin A type. It was firstly isolated and

characterized by Rong Yang, Roberta Morsoetti and H. Phillip Koeffler in 1997. Cyclin

A1 has 48% identity with human cyclin A and is located at chromosome 13g12.3-q13,
approximately 1000 kb from the seq

g \ d sile marker WI-3374. (81)
' th ,i‘ n as cyclin A), Its expression

unizad leukemic cells (81). In

Cyclin A1 differs fron
increases at the entry in
G.M, eyclin A1 expr ‘activity reach their maximum
levels, Cyclin A1 is ntrast to cyclin A2, Cyclin
AZ is a key regulato | is ubiguitously expressed
and essential for pro et “eyel ‘ yelin A2 involved in both S
phase and G M transiti its Association il s. Cyclin A2 associated with
CDKZ2 at the onset I “with CDK1 mainly at G,M
transition. (80)

Cyclin A1 expression/ s lissu =l and high levels of expression are
restricted to testis in the hea!t{}z %ﬂ vhaum ns (83) to eggs and early embryos in

Xenopus (84), anu} the ger xpressed shortly before or

during the first meigic division in sperT iale/cyclin A1 knockout mice
are infertile. (86) Spermatogenesis is arrestec to antrﬂﬂu metaphase | associated

with inactive cyclin B- CD&Jcomplexas and therefare loss of M-phase factor activity.

S 11 111791 (1110 17 A
ATV AT IR

promoter of cyclin A1 is dependent on four Sp1 transaclivation sites in a CpG island
upstream of the transcriptional start site. (89) Cyclin A1 is supposed o play a role in the
pathogenesis of myeloid leukemia, since it is highly expressed in leukemias of myeloid

arigin. (90} Upeon induction of myeloid differentiation cyclin A1 expression decreases.



20

(90) Owverexpression of murine cyclin A1 in transgenic mice leads to abnormal
myelopoiesis in the first month of the birth as well as to the development of myeloid
leukemia at a low frequency. This indicates that cyclin A1 alone is not sufficient to
induce transformation but contributes to leukemogenesis. (91)

In cancer lissue, elevated levels of cyclin A1 expression have been implicated in
acute myeloid leukemia (BE), acute lymphoblastic leukemia (92), biphenotypic acute
leukemia (93) and also found in male germ cell tumor.(94) In solid tumor tissue, cyclin
A1 was found to be highly expressed in poerly differentiated prostate cancer (92)and
pS3-apoptosis sensitive bladder cancer cell line.(85) In Hela cells which is known HPV
18 infected cervical cancer cellines was yeporied expression of cyclin A1 was detected
by RT-PCR technique bubmet by northem blot techniques(81)

In normal tissuel the meinylation of cyclin A1 promoter was detected in kidney,
colon, spleen, testis, golon and.small infesting, but not in brain, liver, pancreas or heart.
(Figure 4). Expression gfcyclin Alwas présent in spleen, prostate, leukocyte, colon and

thymus (Figure 5) by realfime'RT-PCR technigue. (96)

[ ] -] o -
- - - -
i i

o
L5

Wisirylation niatus of the cyciin A1 promobed

I I...

Nt ating

Figure 5. CCNA7 promoter methylation status in hurhan organs. The methylation status
of the'CCNAT promoter was analyses in-the different-human_organ by realtime PCR
technique. The degree of CpG methylation was calculated according to the formula

Fraction of methylated molecules= 2 (threshold non-specific primers minus threshold

methylation sqecific primers)
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0

ralairve cychn A1 exprestion

“ Z!”‘C%!Fh%ﬁ%x%%ﬁ%

Figure 6. Cyclin A1 exprégsion-i human organs. Expression levels of CCNAT were
analyzed in a panel ofdiffergal harman cDNAS by real-limequantitative PCR. Expression

levels were standardized usifg gxpression of the house keeping gene GAPDH.

The interesting fUnction of eyl /Al Jis that it involved in DNA double strand
break repair. After irradiation, cclitvAl was_iﬁl_:ﬁ.;_;"ed by p53 on the transcrnptional level
In addition, they identified the KUf0D DNA rﬁpal{ protein as a binding partner and
substrate of the cyclin Al- CDK2 complex. DNA doublef strand break repair was
deficient in CCNAL Zcells. "I"Hey-h':unﬁ- that both cyrﬁin A1 and cyclin A2 enhance DNA
double strand break| repair by homologous recombination, but only cyclin A1l

significantly activated nonhomaologous end joining. (97)
Retinoic acid receptor responderl- (RARREST)

Reunoic atid regeptor iesponder~RARREST) avhich acts as tomot suppressor
gene, 15 a retinoid regulated gene. Its expression is frequently down regulated through
DNA methylation in several types of malignant tissues. There is the study showed that
loss of TIGT expression was strongly associated with TIGT promoter hypermethylation in

leukemia, head and neck cancer, breast, colon, skin, brain, lung, and proslate cancer.
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(98) Another group studied about the correlation between TIG7 promoter
hypermethylation and gene silencing in NPC. They showed that promoter
hypermethylation is the major mechanism for RARREST1 silencing. (99) The other group
found that Tazarotene inducing gene (T/G1) methylation represented a new molecular
marker for targeting diagnostic and therapeutic approaches in head and neck

cancer.(100) Moreover, there was one group suggested that gastric carcinogenesis

involved transcriptional inactivation by aberrant DNA methylation of RARRES1. (101) The

regulated protein kidse (MAP/ER ay. 1105) The human HRASLS3
( -

gene and its related é‘ene H-REV107-2/TIG3/RIG1 were cloned several years ago. (106)
Both were de strated t Q;‘;:, 58 ansformation ressive properties. H-REV107-1
was shown lﬁﬁﬁﬁiﬂ% M&I&Lu:ﬂ ' Q;Jsgn was recovered in
ovarian carginoma cells after inductioff with_IFN. (1057In the meantimé-t is known that
oY AR ETalkiiieakiFat T

damnr%trated to be down-regulated in various human tumors. Their functions have not
yel been elucidated in much detail, but resent phylogenetic analysis of the NIpC/PG0
protein hydrolases demonstrated that HRASLS3-like proteins belong to this superfamily.
(107)
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Kann Roder, et al. studied about correlation between gene silencing and
promoter hypermethylation of this gene in WEHI7.1 lymphoma cells. They found that
hypermethylation led to loss of expression of HRASLS3Z. (108) Recently, Irina
MNazarenko, ef al reported the opposite function of this gene. They found that sixty eight
percent of lung tumors revealed positive HRASLS3 specific staining. Furthermore,

survival analysis demonstrated a significant association of cytoplasmic HRASLSS with

decreased patient survival. This suggested that HRASLS3, which also known as a tumor

FONUUINLUINNS )
ANRINTUNIINENRE



CHAPTER Il

MATERIAL AND METHOD
1. Sample
Tumor samples

Primary NPC tumor samples were surgically obtained from patients with appropniate

emorial Hospital. Samples were then

divided into 2 portions. The first portion was’iKe formalin and was submitted for

@ﬁcn was immediately snap-

er experiments. Control

routine histo-pathological gxam
frozen and stored |
nasopharyngeal epithelitn g ; \ geal swabs from unrelated
patients in the Depa linically defined normal
nasopharyngeal muco a dditionally collected from
unrelated healthy donors n irm the presence of the

genetic material of EBV follow ofted.

Cultured NPC cells
Primary “TT-T-T-;\_,E* pended in  0.25%
collagenase(Gibco BR ! 1& d at 37°C, 5% CO, for 4-5

hours. After centrifugdtion, the collagenase was discarded and the pellet was subjected

to two washing steps with 5 F/DMEM-(Dulbecco’s Medified Eagle Medium; Gibco) each.

Subsequenuy.ﬁ ﬂ%%%%a{j MW%bnih grawth factors

and fetal calf serum, with 1% penicillin/streptomycin added and incubated at 37°C, 5%
co, wy i e F{ Ha B AT ATY B P Ef o
NPC célis with limited passages were collected for DNA extraction,

Presence of NPC cells was confirmed by the detection of LOH of chromosome 3,
9, and 14, using microsatellite analysis for the following markers; D351038, D145283

and TCRD., in order to confirm the complete loss of heterozygosity as well as lo show the
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absence of contaminating normal allele. Briefly, one strand of each primer pair was end-
labeled at 37°C for 1 to 2 hr in a total volume of 10 ul containing10 pM primer, 0.025
mCi [“P] YATP (Amersham, Aylesbury, UK) at 3,000 Ci/mmol, 10 mM MgCl,, 5 mM DTT,
70 mM Tris-HCI (pH 7.6) and 10 units of T4 polynucleotide kinase (New England Biolabs,
Beverly, MA). Without further separating the unincorporated nucleotides, the kinase
reaction was added to the PCR buffer mix. The PCR reactions were performed in a total

volume of 10 pl using 50 ng of genomic DNA in 200 uM dNTP each, 10 mM Tris-HCL

4), LA s of Thermus aquaticus DNA polymerase
(Perkin Eimer Cetus, Norwa RM ‘and prime #ﬂ tions were 0.05 to 0.5 uM each,
Several PCR reactions were optimize &m ial de-naturation step at 95° C

e - e t—

for 4 min, followed by 4".Cifor 1 min, annealing at 55° C

for 1 min, extension ivat 72° C for 7 min. Aliquots

(2 pi) of each reactio with T 'ms ing buffer, heated at 95° C

#en lamide 7 M urea gel.

o’,:’

J‘l “a /J
1.1 E. coli (DH5 'k““f‘»
vw,n‘

AAA/' 34

1.5 MicroAmp PCR tube

SREmE Y1211 TN
AW s ’“ﬁ“ﬁmumaw SRE

Q 1.8 Pipette tip : 10 J4I, 100 |1,1,000 U (Elkay, USA)
1.9 Microcentrifuge tube : 0.2 ml, 0.5 ml, 1.5 ml (Bio-rad Elkay, USA)

1.10  Beaker : 50 ml, 100 ml, 200 ml, 500 ml, 1,000 mi (Pyrex)



1.11  Flask: 250 ml, 500 ml, 1,000 ml (Pyrex)
1.12  Reagent bottle : 100 ml, 250 ml, 500 ml, 1,000 mi (Duran, USA)

113 Cylinder : 25 ml, 50 ml, 100 mi, 250 mi, 500 ml, 1,000 ml (Witeg,

Germany)

1.14  Glass Pipette : 5 ml, 10 ml| (Witeg, Germany)

1.15 plastics, USA)
1.16
1.17
1.18
2. Equipments
2.1 Light mic
2.2 Stereo mic
2.3 Autoclave
24 Microwaveoven

'
’

2.5 Hot air ov '{Me me

2.6 Pipette boy (Téénomara:-Switzerland) .,

‘QW’]"@'%’%%&JWYJVI (NRY

2 9 Stirring hot plate (Bamstead/Thermolyne, USA)
210  Balance (Precisa, Switzerland)

211 Microcentrifuge (Fotodyne, USA)



2.12

2.13

27

DNA Thermal cycler 480 (Perkin Elmer, Cetus USA)

Thermal cycler (Touch Down, Hybraid USA) Power supply model 250

(Gibco BRL, Scothland)

2.14

2.15

2.16

217

2.18

218

2.20

2.21

2.22

223

2.24

225

2.26

2.27

2.28

2.29

Power poc 3000 (Bio-Rad, USA)

Haorizon 11-14 (Gibco BRL, Scothland)

Beta shield (C.B.S scientific. Co.)

Heat block (Bockel)

Incubator (Memmert, West Germany)

Thermostat shaking-water bath (Heto, Denmark)

Epectrariic spectropholometers (Genesys5, Milon Roy USA)
UV Transilluminator (Fotodyne USA)

Gel doc 1000 (Bio-RAD)

Refrigerator 4 'C (Misubishi, Japan)

Deep freeze -20 °C, -80 °C (Revco)

Water purification equipment (Water pro Ps, Labconco USA)
Water bath (Memmert, West Germany)

Storm 840 and ImageQuaNT software (Molecular dynamics)

Gel star nucleic acid gel stain (Cambrex Bio Science)



3. Reagents

1 General reagent

1.1 Absolute ethanol (Merck)

1.2 Agarose gel (FMC Bioproducts)

1.3 Ammonium acetate (Merck)

113 G u {Sigma)

STETMaUINNS

1.15 Hydroquinone (Mercky—

ﬂﬁﬂ@&&jﬂiﬂwﬁﬂ R

1.17 Isoamyl alcohol (Merck)

1.18 Isopropanal (Merck)



1.19 LB medium (Gibco BRL)

1.20 Mineral oil (Sigma)

1.21 Phenol (Sigma)

1.22 Penicillin/Streptomycin (Gibco BRL)

1.23 Sodium acetate (Sigma)

1.26 Sodium h:
1.27 Trypanl't

1.28 Triton X-100

1.32 106 ')

]

1.33 40% 'H rylamide/bis solution 19:1 (Bio-Rad

RTINS

1.35 QlAamp DNA blood mini kit{QIAGEN)—,

QW’lmmmlm’mmaﬂ
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2. Reagent of PCR

2.1 10X PCR buffer (500 mM KCI, 200 mM Tris-HCI pH 8.4) (GibcoBRL,

Perkin Elmer)
2.2  Magnesium chloride (GibcoBRL, Perkin Elmer)
2.3 Deoxynucleotide triphosphates (dNTPs) (Promega)
2.4 Oligonucleotide primers (BSU, GENSET) in appendix B
2.5 Hotstart Tag DNA polymerase (Qiagen)

2.6 Genomic DNA sample
4. Methods

Cultured NPC cells.

Primary NPC tissue = was finely ~ chopped, suspended in  0.25%
collagenase(Gibco BRL Gaithersberg, MD, USA) and incubated at 37°C, 5% CO, for 4-5
hours. After centrifugation, the collagenase was discarded and the pellet subjected to
two washing steps with 5 ml DMEM (Dulbecco’s Medified Eagle Medium; Gibco) each.
Subsequently, the pellet-was resuspended.in.7.ml. DMEM devoid-of both growth factors
and fetal calf serum, with 1% penicillin/streptomycin added, and incubated at37°'C, 5%
CO, until the resulting cell layer had spread sufficiently to be passaged. Pellets of NPC
cells with limited passages were collected for DNA extraction.

Presence of NPC cells was confirmed by the detection of LOH of
chromosome3, 9, and 14, using micresatellite analysis for the following markers;
D3S1038, 0145283 @nd TCRD, inorder to confirm the complete loss of heterozygosity
as well 45 to show the absence of contaminating normal allele. Briefly, one strand of
each primer pair was end-labeled at 37°C for 1 to 2 hr in a total volume of 10 i
containing10 pM pnmer, 0.025 mCi [SFF‘] yATP (Amersham, Aylesbury, UK) at 3,000
Ci/mmol, 10 mM MgCl, 5mM DTT, 70 mM Tris-HCI (pH 7.6) and 10 units of T4
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polynucleotide kinase (New England Biolabs, Beverly, MaA). Without further separating
the unincorporated nucleotides, the kinase reaction was added to the FCR. buffer mix.
The PCR reactions were performed in a total volume of 10 pl using 50 ng of genomic
DNA in 200 pM dNTP each, 10 mM Tris-HCL (pH 8.4), 50 mM KCI, 1.5 mM MgCi2, 0.5
units of Thermus aquaticus DNA polymerase (Perkin Eimer Cetus, Norwalk, CT) and
primer concentrations were 0.05 to 0.5 uM each. Several PCR reactions were aptimized
as follows: an initial de-naturation step at 95° C for 4 min, followed by 25 cycles of de-
naturation at 94° C for 1 min, annealingat’ §5° C for 1 min, extension at 72" C for 2 min
and a final extension at 72° C for 7 min. Aliquots (2 wi) of each reaction were mixed with
1 pl formamide loading buffer, heated at 95 " Cfor 2.min, put on ice for 30 sec, then

loaded onto 6% polyacrylamide ¥ M urea gel.
DMA extraction

Extraction of genomic/DNA was perfarmed with proteinase K (Amersham,
Aylesbury, UK) digestion in the presence of SDS at 50 C gvemnight, followed by

phenol/chloroform extraction and ethanal precipitation.
White blood cells (WBC)

Five to ten mil of whole blood was centrifuged for 10-min at 1500 g. The
supernatant was removed and the buffy coal was collected to & new polypropylene tube.
The buffy coat was added with 10 volumes of cold lysis buffer 1 (or 10 mi), then was
mixed thoroughly and incubated at -20.C for 5 min. The.tube was centrifuged for10 min
at 1000 g, then the supernatant was removed,. The pellet was added with 3 ml of cold
lysis buffer 1, then was mixed thoroughly and was centrifuged at 1000 g for 5 min. The
supernatant was discarded and the pellet was added with 900 pof Tysis buffer 2, 10 ul
of Proteifiase K solution (20 mg of Proteinase K in 1.0 mi of 1% SDS EDTA, prepared 30
min before use), and 50 ul of 10% SDS, then was mix vigorously for 15 seconds. The
sample was incubated in water bath at 37C overnight (16-24 h) for complete digestion.

The sample was added with 1 volume of phenol-chloroform-isoamyl alcohol (25:24:1),
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shaked vigorously for15 seconds and then was centrifuged at 10,000 g for 5 min. The
supernatant was transferred to a new microcentrifuge tube. The DNA was precipitated
with 0.5 volume of 7.5 M Ammonium acetate (CH,COONH,) and 1 volume of cold
(100%) absolute ethanol and then were mixed by inversion. The DNA should
immediately form a stringy precipitate. The DNA was then recovered by centrifugation at
10,000 g for 15 min. The supernatant was removed and the pellet was washed with 1
volume of 70% ethanol and centrifuged at 7,500 g for 5 min. The ethanol was decanted

and the pellet was arr dried. The digestad DNA was re-suspended in 50 yl of the

Freshly prepared 10
{Sigma: S9000)

d 3M Sodium bisulfite

- Add 55 mag of Hydrogui
- Add 3.76 mg of Sodium bigllfité (16 Sipkon 1010 Ml of dH.0 and adjust pH to 5
v”“
with NaOH. Al
DNA preparation VIECERD _
n-’y. iu \ /8
2V
1. Dilute DNA <2og with 50 1t distilled | O in a total volume of 50 pl

%l

Example mu 1000 ng/ul m

O WA Y U S AR e

‘QW’]ﬂﬁﬂimﬁJWY]‘l/lﬂ']ﬂEl

Pipette DNA 2ul and add dH,O 48

5 Add 5.5 ul of 2M NaOH, mix and incubate at 37 "C in water bath for 10 minutes
(to create single stranded DNA).
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9.

10.
1.
12.
13,
14,
15.
16.
4
18.
19,
20.
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Add 30 ul of 10 mM Hydroquinone and 520 ul of 3M Sodium bisulfite to each
tube, after mixing, spin down and incubate at 50 ’C in water bath for 16 hours.
Prepare Vac-Man® Laboratory Vacuum Manifold (Promega A7231).

Add 1 ml of Wizard DNA clean-up Resin (Promega A7280) to each tube and
transfer the mixture to Syringe Barrels. After that turn on the pump until the
mixture in the column become dry.

Wash with 2 ml of 80% isopropanol and turn on the pump until the mixture in the

column is dry.

Tum on the pump for
Place minicolum : _ 0,000g (RCF) for 2 min.

Add 50 ul of heafed water (ar 9 : ‘. d incL .- e at room temperature for 1 min.
Spin down at
Add55ul of 3 3 1\. b .\ room temperature for 5 min.
Add 1 ul of 20 ng /
Add 17 ul of 10N AC Wi | = -gold 100% Ethanol.
Mix and incubatg'at -
Centrifuge at 14,000
Discard supernatant and wash pellets th 200 pl of70% ethanol (ice-cold).

The bisulfite DNA can be used for PCR.

FONUUMUSNNS
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Primer design for eight candidate genes

Primers for Methylated specific PCR (MSP)
Primers were designed to amplify the methylated and unmethylated alleles equally. The
primer design was base on the difference between methylated allele and non-methylated
allele after standard sodium Bisulfite treatment. PCR amplification results in the
conversion of unmethylated cytosing residues to thymine and methylated cytosine
residues to cytosine. The sequence conversion leads to the methylation-dependent
creation of specific PCR'amplification.which is different between methylated and non-
methylated allelle. The general strategy is shown below:
® |dentify lha-E'U'FR of genes / CpG islands. This is the unconverted map.
® Copy sequence and paste in a texl editor.
® Convert all C taT except for CG. First convert all CG to XG. Then convert all C
to T. Then convert all X to C. Make a map of this converted sequence
( methylated map )
® (Convert all remaining C to T. Make a map uftl‘wa converted sequence(Non-
methylated map )
® Design 2 pairs of primers covering the CG rich region using methylated and

unmethiated maps. All primer Segquences 'weré shown-io table1 and figure 7
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Original : CCNA1T
ccagegtgggeagggegecgeagectgegeageccegaggacceegegtegelctccegagecagggtictcaggage

Met:

TTagegtggaTagagegTegTagTTigegTagTTTcgaggaTT Tegegteg TITITTcgagT TagggttTtTa
ggagc

Unmet: ‘
TtaglglggglaggngI[gTagT‘l‘nggTagﬂTTgagga'lTlIngtTthItTrTgagTngggttTtT
aggagT

Original: EMLT
cacgleceeclceeggeceg@geceegeggecgecgaggeegecceciogegggeggagegggegetgggetegege
ggclgeggeggeageggeaggeccgoggtigecatggtaaccggeageageageogeeacageagggeeggeecea
gcgccagogccgglcgcggtcggﬂctﬂgctcanﬁgigiﬂigl;aaangﬂcnmgcgoggwgggmggggagcgggc
geggeeegge

Met:
TacgtTTTTTITTcggTTegagTTTegegg TegTegaggTeg TTTTT tegegggeggagegageg Tigag Tt
cgcgeggTtgeggeggegacaacaaaTTeagaatgTTatggtaaTeggTagTagTagTegTTaTagTagggT
cagTTTTagcgTTagegTeggtegegategag TiTagTiTaglgtotagtgagcggeggeggegegg TegagTeg
gggagegggegeggTTeggT

Unmet:
TaTgtTTTTTtTTTggTTTaggTTTTgTagTTgTTgaggTTgTTTTTtTgTgggTggagTagaTgTigg
gTtTaTaTagTtgTagTaeT g TagTagaT TTgggattgT Tatggtaal TogTagTagTagTTgTTaTagT
agagTTagTTTTagTgTTagTgTTagtTgTagtToga TtTag Tt TagtgtatggtoagTggTagTggTaTag
TTgggTTggggagTaggTgTagTTTggT
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Original: CLMN
cacgteeceelcecggecegggeccegeggecgecgaggccgeceecicgegggeggagegggegetgggetegege
ggclgcggeggeggeggegggeccggggtigecatggtaaccggeageageageegecacageagggeeggeecea
gegeeageaceggtegeggtegggetcageteagtgtgtogigageggeggeggegeggecgggecggagageaaac
gcggeecgge

Met:
TacgtTl'TTTtTTcggnggmmcgchgmugEgmwgmgagcgugngtggth
cgrcgcggTt9cggcggcggoggcgggﬂnwﬂﬁttgﬂatagtaaTcggTagTagTagTagTTaTagTagggT
MmtmmwTtTa9TtTagtgtﬂlggtuagoggcggcggcucgchgggTog
aggagegggegeggTTeggT

Unmet:
TaTgtTTI“TTtTTTgg]I[ggatl’.ﬁj‘_rmﬂnﬂuaaa-TTgTﬂTﬂTnggﬂnganggngTlgg
thTgTngthngnggngngTgggTTngggtgﬂa!gglaaﬂggTagTagTagTTgTTaTagT
agggTTggTTTTagTgTTagTgT TgaiTaTgalTaggTtT agTiTagtatgtogtgagTogTogTogTgTog
TTgggTTggggagTgggTgTagTTTagT

Original: TSC22
geatgeecaglagetcagacggticggttacaaataggaagetitegecgtiaageagecgeggggacacagelecggag
acoggggtu:tgactcccttaaaugtaagcacgtg!gggggomhagtaﬂﬂhagggacccucacamtctgmgaag
caatggcccagigttitgaggecgecgtagaas gagcacggeccgegecag
g-‘-‘-cagcccﬂmccacgagcgggatﬁgﬁagaamggggcgﬂaWngnﬂgmuggaagmngaa
gcgggaggacctggaaﬂ9ag‘tagggggoggmgtggcgtgccggmatoggcycactcﬂlcctgmtataﬂﬂgc
actaagactgggagtcctggtctagagcigagtggageecg

Met:
gTathTTagtag'l'tTagacggttoggttaTaaalaggaathhnchgﬂaaaTachgcggggaTaTathTog
gggaTcggggtTtgaTtT‘I'I'ttaaacgtaagmcgtgtgggggWatagtatt&tTagggaTTTttTaTattﬁTt
gTcgaagTaatggrﬂgglg_lmgagglm]'_@gtggaaa‘l‘I'tTagaa“l‘l’TagTaT‘I'lTaTtTl'l’tTtgagTac
ggTTcgegTTaggTTagTTTaT T TacgagegggatTtggagaatgggggceggagataggaglgggaggagy
oggggaagTagggaagcgggaggaﬁtggaaugaglagggggcgmmagtggcgtgﬁggﬁaamsgnﬂ
aT1TtttTTthatatattugTaTtaagaTtgggagtﬁlggtTtagathgaglggagTTog
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Unmet:
gTatgTTTagtagTtTagaTggttTggttaTaaataggaagTittTgT TgttaagTagT TgTggggaTaTagTiTT
ggggaTTgggotTtgaTtT T TttaaaTgtaagTaTgtgtgggggTTTT TatagtatttttTagggaTT Tt TaTatttt
TtgTTgaagTaatggTTTagtgttttgaggTTgT TgtggaaaTTtTTgaaTTTagTaTTTTaTtTTTiTigagT
aTggTTTgTgTTaggTTagTTTaTTTTaTgagTgggatTiggagaatggggaTggagglagagatgagggg
aggTggggaagTagggaagTgggaggaT TtggaaggagtagggggTagtTTTaglggTgtgTTagTTaatTg
gTgTaTtTittTTtgTatatattttgTaTtaagaTtgggagtT TtggtTtagagTigagtggagTTTg
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B

HRASLS3

Before bisulfite :
ggtgectgggatgcttcteceeticcgcgaggaagagatctaatigggtagggegggtgtagactagectgeegagecgec
cgetggeaccigeagectectgggegec

After bisulfite:
ggtgTTigggatg THTtTT T TttTegegaggaagagatTiaattgggtagggegggtgtagaTtagTTigTegagTe
gTTegTtggTaTTigTagTTiTTigagegTT

LOH11CR2A

Before bisulfite:
clgaggaaatgaggctgtaagectcatetaciccaatcagtigecageecctaag
cccttctctatagaaatgtaagagaccgacgeagicicitcigtaaatacgiggacatig
gaaalctaggact

After bisulfite:
TtgaggaaatgaggTtgtaagTTtTatTtaTtTTaatTagttgTagTTTTtaag
TTTHTiTtatagaaatgtaagagaTcgac gTagtTiTiTigtaaatac glggaTatig
gaaalTtaggaTt

MCC
Before bisulfite:

aaaalgtggcagaagggaccaagcagtggatatigagectgtgaagtccaactcttaagetcegagacctgggggactga
gagecc

After bisulfite:

aaaatgtggTagaagggaTTaagTagtggatatigagTTtgtgaagiTTaaTtTtaagTtTcgagaTTtggggga
TtgagagTTT

RARRES1
Before bisulfite:
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After bisulfite:
9ggaggCatTTTTattgtTTTTTTaaTTTCgaTTTIT{TTCgTCgCagT TtgggTTagaagTaTTCggTT
TtgCgTtgCggaggCaatgTCqTatTTtagTaTtaagTTCgggTag

Figure 7: Bisulfite modification seque and primer regions. A: diagram of methylated

primers (underlined) in the.promoter regic GNAT.EML1,.CLMN and TSC22, B:
diagram of methylated sequence after bisulfite modifieation covering TCGA sequence,
(which a recognition site forJag? el Jin the promoter. region of HRASLS3, LOH11CR2A,

-
MCC and RARREST \

& (=
e

4
? 12458
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44.3_*.(“.“-::‘. 4

FONUUMUSNNS )
RN ITNINENAY



40

Primers for combined bisulfited restriction analysis (COBRA)

At the beginning, CG at the promoter of genes must be converted to TG. Tagi
restriction enzyme which recognizes TCGA sequence was used in this study for
detecting methylation. The sequences without TG (T comes from C) around TCGA

were design for primer. All primer sequences were shown in table1 and figure 6.

Methylation detection

Duplex MSP and COBRA
The methylation statusof CGNAT, TSC22, CLMN and EML? was performed Dy the
duplex MSP whereas ihat the methylation status of HRASLS3, RARRES1, LOH11CR2A
and MCC was performed Using the combined bisulfite restriction analysis (COBRA). The
PCR reactions contained Ax PCR buffer (Qiagen, Chuo-ku), 0.2 mM deoxynucleotide
triphosphates, 0.4 uM of appropriate PCR primers as shown in table2, 1 U of hotstarTaq
(Qiagen, Chuo-ku), and B0 ng of bisulfited DNA. The amplification reactions were
performed in a thermal cycler. PCR reactions have been optimized as follow: an initial
de-naturation step at 95° C for 10'min, followed by 30 cycles of de- naturation at 95° C
for 1 min, annealing at 48-55 ° C 1 min (as described in table1), extension at 72" C for 2
min and a final extension at 72° C for 5 min. In the GDBRA-analysis. all PCR products
were digested with Tag? enzyme and subjected to electrophoresis in 8% native
polyacrylamide gel. The gel was visualized using phosphoimager after staining with

cyber green,

Bisulfite genome sequence analysis

Some CONAT, RARRES1 and HRASLS3. methylation-positive NPC 'were selected for
sequerce analysis. The bisulfited DNAs were amplified using CCNA1cloningF and
CCHA1cloningR (Table1). The amplified fragments were cloned using the pGem-T easy
vector (Promega) according to the manufacturer's protocol. The ligated products were

transformed into E. coli DHSOL. The clones were selected by X-gal/IPTG and amplicillin.
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Recombinat plasmids were purified by DNA purified PCR kit(Promega) according to the
manufacturer's protocol. For sequencing analysis, the plasmids were used for the
sequencing reaction using Prism Ready Reaction DyeDeoxy Terminator FS cycle
Sequencing Kit (Applied Biosystemn) according to the manufacturer's instruction. The
DNA template was mixed with 8 pl of Prism Terminator Mix, 3.2 pmol of primer M13
(sense). The distilled waler was added to bring the final volume to 20 pl reaction. The

sequencing reaction was subjected to 25 PCR cycles, each consisted of 96 C for 30

seconds, 50 C for 15 seconds and 60 min in a thermalcycler (GeneAmp PCR
system 2400) \ W//

The seguencing reaction '-“In_,___" using@ ethanal precipitation. Ten
microliters of sequencing reaction = added with 111!'{{; Sodium acetate (NaDAc),
50 pl of 95% ethanol, voriexed Lriel dile u m temperature in the dark of
15 min. The precipitate gffsegue : = \f\ N ged at 13,000 g at room
temperature for 20 min, apd the pe : Was \l ul of 70% ethanol, The

suspension was cenir

Ji -.-\\u or 5 min, and the pellet

=1 Wes \ = kept at -20 'C for 1 week.
\
analysis by ABI Prism 310 Genetic

was dried for 1T min at 90

The pellet was subje A
Analyzer (PE-Applied Biosys e subseqguent steps, we referred
to the ABI Prism 310 Genetic ﬁ.n -- fual, The nucleotide sequences were

analyzed with Seque zed- the electropherogram

\

pattern in compansis V win e ge matnx 1 e, S ‘

I

Statistical Analysis 0. .~

e YRR E F o

between clinical parameters and the pregence of pmm-:g hypermethylatignyof the

5‘“"”@%’]@ﬁ NAIEBNIVIEINE



CHAPTER IV
RESULTS

Selection of tumor suppressor gene candidates from the genome-wide expression

analysis of NPC.

At the beginning, a list of genes whose expression was shown to be differentially
down-regulated in NPC when compared to the normal nasopharyngeal epithelium was
retrieved. To select for the tumor suppressor candidates, we applies 2 additional
criteria. These include genes that have ﬂreﬁriuﬁ_s_],y-;been shown to be tumor suppressor
genes in other cancer iypes as well as genes raai&mg..wilhin the critical region of LOH in
chromosome 13 and 14, which are aléu thought to be important areas in NPC. From the
238 down-regulated genes in MNPC, 4 %enes that were indicated to be tumor suppressor
genes in other cancer werg selected; f'fRASLS.? RARRES1, LOH11CR2A and MCC.
Furthermore, CCNA# and 78C22 w,hn{g‘genetic locations are within the critical LOH
region of chromosome 12 at pos’.itiaﬂ 35543%5549 kb and 44010-44020 kb, respectively
were chosen. (17) Finahlfr, EML1.and CL,&}.!}J which resides within the critical LOH region
on chromosome 14 at position 31&320-95&;@_kb and 93710-93720 kb, respectively were
selected due to their low expression in @{f{he location of these 4 genes in critical

LOH region was shown in figure ¥and 8.

) .:\,;;_1_
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B
Markers and Genes Location (kb)
D135171 32151-32152
CCNA1 35048-35949
D135218 37930
D135263 40978-40979
TSC22 44010-44020
D135153 47788
0135266 88322

Figure 7 A showed the LOH critical region from the previous:Study on chromosome 13
(pink highlight show the critical region), B showed the location of interesting genes and

markers in LOH eritical regian.
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Figure & : A showed the LOH critical region from the-previous study on chromasome 14
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markers in LOH critical region
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Analysis of the methylation status of promoter regions of candidate genes

The potential mechanism which might be responsible for the down-regulation of
all eight candidate genes was further investigated. The 5' elements of all eight genes
were analyzed for methylation status by either MSP or COBRA technique as shown in
table 1 in several NPC tissues and centrel normal peripheral blood leukocytes. All NPC
were positive for EBY while the conlrol Uisslies were negative. Hypermethylation was
detected on the CCNA1, RARRES! and HRASLS3 promoter in NPC but not in the
control WBC (Fig 10, 11 and.lable 2].?Hnwever. there was no methylation detected on
the MCC, TSC22, EMET and CLMN regulatory region. Partial methylation of
LOH11CR2A promoter ﬁﬁum"m.ﬂmen@d in both NPC and control WBC (Fig10,11 and
table 2).0ur findings in/Copjunclion with the microarray data suggest thatthe promoter
hypermethylation fiay Be Grucial o regulating expression of CCNAT, RARREST and
HRASLS3 in NPC. ‘}

dd

ey %

Promoter hypennemyla;i:iun:-'of CCNAT, RA@RES‘I and HRASLS3

q

To further validate the efucial fﬂ]q%%f:}moter hypermethylation of these tumar
suppressor gene candidates in NPC cafﬁfhﬁﬁéﬁesis. the frequency of methylation of
CCNA1. RARREST-and-HRASLS3-in-approximalely-100.NPC tissue samples either by
COBRA or MSPﬁER.. Additional 10 primary cultures of NPCs to isolate an enriched sub-
set of tumor cells Were also analyzed for the methylation Status of these genes. Several
controls used in this studywere 20normal nasopharyngeal swabs and 30 WBC samples
from heatlh_y subjects ar non.gancer pafients. Strikigly, in all normal cells including
nasopharyngeal epithelium and WBE, the presence-of promoter hypermethylation of all
the'studied genas was not demonstrated. In contrast, MPC .tiasuasdispiayed frequent
promoter hypermethylation for 57% of CCNAT, 54% of RARREST and 24% of HRASLS3
(Table 3). Mareover, the frequent promoter hypermethylation in isolated NPC cells (to
avoid normal cell contamination) was found 100% of CCNAT, 83% of RARREST and

17% of HRASLS3. Additional analyses of the promoter sequence of all three genes to



prove the presence of promoter hypermethylation were performed as shown in figure 12
and 13.

CCNA1, RARREST and HRASLS3 methylation and Clinicopathlogical correlation
The correlation between promoter hypermethylation and clinical parameters was further
elucidated. We found no significant correlation with the tumor stage. (Table 4)

FONUUINLUINNS )
ANRINTUNIINENRE
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A 10bp NI N2 Wiw2 T1 T2 T3 T4

CCNAT

EML1

CLMN

100bp W1 w2 T T2

Tscca2

Fig 10. MSP analysis. (A) The results of an MSP analysis of CONAT show frequent
methylation of 5' element of CCANAT in NPC but net in normal leukocyte and nasopharyngeal
epithelium. (B0} The results of MSP analysis of EMLT, CLMN, and TSCC22, are shown,
There was no methyiation cbserved in these sets of genes. Saiare: an unmethylated band,
circle: a methylated band, -ve: control lane (water), T. NPC-lissue, W: leukocyles, N: normal

nasopharyngeal swab.
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Fig 11. COBRA ﬂnalysm ASLS3, RARRES1, MCC, and LOHTTCR

2A promoter | Was and B showed frequent
5 p .,

methylation o v SES3-and RARREST upstream elemants I NPC but not in normal

tissues. Mulhylatm al and tumor cells. In pane! D,

methylation of LOH11CR2A DNA sequence are invariably ‘presence in both normal and

umor cells. Square: ufimethylaied band, circle: pethylated band, T: MPC tissue, W:
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B CCNAT unmethylation
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Figure 12: Sequence analysis of 3 candidate tumor suppressor genes, A: CCNAT
promoter hypermethylation in NPC, B: CCNA7T promoter unmethylation in narmal cells,
C: HRASLS3 promoter hypermethylation in NPC, D: HRASLS3 promoter unmethylation in
normal cell, E: RARRES? promoter hypermethylation in NPC, F: RARREST promoter
unmethylation in normal cells.
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A, CCNAT

Cone1 OO0OO00CO0OO00000QO0000C0Q000D000®
st eel N N N N N NN NN NN NN NoN N N N |
Coned COO0O®090 0000008 ORORROOROROES
Cone4d DOOOSOSGOSSSISSRSIODBBOIORRBSOORBOS
Cenre5 Oooooosdoeooosssoesese
B. HRASLSS
Clone 1 CCooQOoOCOe Cones @® 900080
Clone 2 LN N N Nal Nl Coneg ®8®O0O0888
Clone 3 L N NN NN N Clone 7 LN Neol N N N ]
Coned ® 98980980
C. RARRES1T

Cone1 OO0OOQ0O0COO0OCOOCOO®S®
Cone2 8908888090
Coned OCeooeoo0o0Be
Cored @®@OSOGOSOSSOBDBSS
Cone5 ® 0008888880

Figure 13: Diagram of bisdifile sequencing at prometer of candidate fumeor suppressor genes in
MNPC: A: CCMAT, B: HRASES3 and C: RARREST circles denote thé methylation status of each
selected clone. Black crcles are metiylated-806 dinucieotides, and white circles are non-methylated

CpG dinucleotides on TG ainuclecglidas



Table 1: Selected candidate genes and primers used lo detect methyiation

Tm
gena Detection Primer Sequence )
CONAT met (F) TTTCGAGGATTTCGCGTOGT
53
CONAT met (R) CTCCTAAABACCCTAACTCGA
conat ™ MSP
CONAT unmet (F) TTAGTGTGGGTAGGGTGTT
i 53
& 1 ,r f
GONAT unmet (R} / | COCTAACTCAAAAAAACAACACA
S
W T80022 met N TTTAGTGTTTTGAGGTCGTC
o= - e g 48
_ ;5( of TAAMATAAMCTAACCTAACGCGA
rscczz™ MSP - 7
022 GBGATATAGTTTTGGGGATT
ATAMACTAACCTAACACAAACCA
ARACCTAACTAACAAACGCG
55
TEGTATICGTCGTTTCGE
cLMN™
Tqmmnﬂmrmamm
- 3 55
B U
- =
_—EMET et () e TCGAGGTCGTTTTITCGE
A R I ¥ x“‘t.,\n - N_
\.\ Vo 55
po o EMLT mat (R} = Ww
EML1 { jw ——— |
= EML1 unmet (F) 'T@%ﬁﬂﬂmnm
o ! e -|—!. 55
EML1 unmet (R) ACCEAACCACAACCAACA
wrasiss™ | FoobeA | [Fei ol oga Le oo e
< P MCC [F}. - AAAATGTGGTAGAAGGGATT
RARREST (F) GGGAGG (CTIGTTTTTATIGTTTT
RARREST ™ COBRA 53
RARRES1 (R) CTACCC (MGIAACTTAATACTAAA
LOH1T1CR2A (F) TTGAGGAAATGAGGTTGTAAGTT
LoMItcR2A ™ COBRA 48
LOHTICR2A (R) AATCCTAAATTTCCAATATCCAL




Table 2: Product size of each primer

gene MSP COBRA
cut

CCNAT
TsCCcZ2
CLMN
EML1
HRASLS3 72 and 37
MCC 62 and 24
RARRES1 87 and 28
LOHT1CR2A 80 and 49
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Table 3: Frequency of methylation status of candidate genes promoter in culture NPC

cells and control leukocytes

NPC cell "-\“ / | leukocytes
rosanc [aboorcs | @ ey
CCNA1 16 '7%“ 20
RARRES1 ////&;.\\\\\ 20 20
HRASLS3 ,/ / | 20
EML1 10
CLMN 10
TSC22 10
mcc 10
LOH11CR2A 10
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Table 4: Frequency of methylation status of candidate tumor suppressor genes in NPC
comparing to control nasopharyngeal epithelium and leukocytes

Promoter
: Presence
rmal 0 30
Norma a elium 0 20
CCNA1 < 51 90
9 9
0 ao
0 20
RARRES1 Py % 7 5
! ~4 3 5 6
= 30 0 30
Normal ithe 20 0 20
HRASLS3 Z 7
AN 73 23 96
1 6

- —
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Table 5: Analysis of clinicopathological correlation to the promoter hypermethylation of the putative
tumor suppressor genes in NPC

Methylation status
RARRES1 HRASLS3 CCNA1
+ = P + - P + - P
Tumor stage N
1 1 | 13 ol 12| 12
R 09
0w 12 ; 4 b0 | 12
|-
Modal stage e
?-‘43 \
0 G 4 2 S (4 )4 \ R
S ) ¢
P ¢ A 08
"f '_"CE:J"
v 17 | 18 ] 18 | 20
=)
‘J.‘—,’ 7
. P
Overall stage | .
Jm 1.4 0.56 IM 0.67
1 3 2 0 5 1,13
Q) a
' &
wv Wla [ B VR D13
o o w
_ INNANDS N IYEINE
9 0.97 0.45 0.72
i g 10 5 | 12 8| 11
I 1 | 15 4 | 20 14 | 13




CHAPTER V
DISCUSSION

Currently, comprehensive gene expression profiling of individual cancer type
has become one of the most popular ways to analyze individual cancer. We here apply
the information derved from the gene expression analysis and to expand this

knowledge to identify potential tumor suppressor genes in NPC. Integrating one known

feature of tumor suppressur gene:

HRASLS3, and RAR
expressed and pre

tissue. Furthermao

explanation is be mpm;ﬂ

such as mutation. Moreover, we

sed by the other mechanism
Hﬁc@ had promoter methylation in
both NPC biopsy andeBC Methylation of LDHHGREA in both cells may be 1.}

|mpnnung@ methylation of CCNAT,
HRASLS3 il]:sly Hgylgj m:tlur and nnrmiﬂ tissue to test

und 50% of
M wITS A )M Y
RARRES? and 17% of HRASLS3. This result indicated that promoter methylation of
CCNAT and RARRES? could be the marker for NPC tumorigenesis, especially

RARRES1; because there was the other group also reported 90% promoter methylation

of RARREST in NPC. Promoter methylation is the one mechanism which can inactivate



CCNAT and RARREST but not anly methylation but alse mutation can inactivate these 2
genes. We could detect only 17% methylation of HRASLS3 in NPC biopsy. That may be
HRASLS3 is not the important gene in NPC tumorigenesis.

Function of Cyclin A1 is unclear, whether it behaves as an oncogene or a tumor
suppressor gene is currently unknown. However, Cyclin A1 is believed to play a role in
oncogenesis because of its involvement in cell cycle progression. Moreover, high levels

of Cyclin A1 have been found in acute leukemia cell lines and myeloid leukemia

samples. (81,90) More recently, it |

in DNA double strand break repair kb u70.(97) ( In addition, there are

several recent rapnﬁ@hng‘,lhmé be down regulated and
hypermethylated in sqm cin mas,‘m of the head and neck and

. data from global gene

icated that cyclin A1 might be involved

the cervical locatio
expression profile of ssor gene and of interest
CCNA1 was indicated
region was methylated infa stbsset { issues but not in normal nasopharyngeal
swab and leukocyte.. : : promoter methylation is a
common mechanism fordr i ﬁ g sssor gene, taken together, Cyclin
A1 may play a role as a JSUPpressa g
e ELN N
HRASLS3 (&&asﬂlmmppmram Mﬁ pressor gene which
mﬁgﬂ '

adenocarcinoma, and brusarc! '

sguamous cell cancers including

15 down-regulated » anoma, neuroblastoma,
—
ewﬁanﬁ that promoter methylation

of this gene in lymphoma l.'@}h can result in gene sulencmg {107) From our microarray
data, HRASL’mﬁ mmﬁ ﬂji in this study, we
detected pro :m g n whi res@’nmhle for the
IR ue!
ﬂlﬂjmm n&l ’J Q(&L& tumar

suppressur gene of human prostate cancer, head and neck cancer and lung cancer,

and recent evidence suggesting that the promoter of this gene is methylated in several
of these cancers such as esophageal, endometrial, head and neck and lung cancer. (98} In

deed, promoter methylation of this gene has been detected in head and neck squamaus
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cell carcinoma but not in normal tissue. Recently, other groups studying this gene
detected 90.7 % promater methylation in primary NPC (39), here we also detected 51%
promoter methylation in primary tumor and 83% in NPC cells. In addition, our microarray
data revealed that this gene was down regulated in NPC; therefore RARRES1 may be
the important tumor suppressor gene in this cancer type.

In conclusion, we report three putative tumor suppressor genes, CCNAT,
RARRES1 and HRASLS3, in NPC identified from the analysis of available gene
expression profiing and alleotyping database and, the status of promoter
hypermethylation. These 3 genes might be molegular markers for NPC because their
promoters are methylated in- NPC and, not in nermal cells. Further expanding the
analysis in broader panel-ef génes from the database and functional study is warranted

in the future.
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APPENDIX
BUFFERS AND REAGENT
1. Lysis Buffer 1
Sucrose 109.54 q
1.0 M Tris — HCI (pH 7.5) 10 mi
1.0 M MgCl,

Triton X - 100 (p ml

Disﬁlladi L mi

Sterilize the 1 by attoclaving and store in a refrigerator (at 4°C).

2. Lysis Buffer :

5.0 M NaCl mi
.I"I
0.5 MEDTA (pH 8.0 ..un/' Al 'R mi
‘L\'_\.‘(‘f\“.:;‘ 2
Distlledwaterto . 1000 i

/\(' (<

3. 10% SDS on

nda | sulfate  ~ = 10

Tineusgs
s, | IR e

4, 20 mag/ml Proteinase K

Distilled water to

Proteinase K 2 mg

Distilled water to 1 ml



Mix the solution and store in a refrigerator (at -20°C).

1.0 M Tris = HCI

Tris base 12.11 g
Dissolve in distilled water and adjusted pH to 7.5 with HCI

Distilled water to 100 ml
Sterilize the solution by autoclaving and store at room temperature.
0.5 M EDTA (pH 8.0}

Disodium ethylenediamine tetraacetate.2H,0 186.6
Dissolve in distilled water and adjusted pH to 8.0 with NaOH
Distilled water (o 1,000
Sterilize the suluﬁun_by aulg-:iaving‘and stare at room temperature.
1.0 M MgCl, solution

Magnesium chloride.6H,0 20.33
Distilled water to 100
Dispense the solution into aliquots and sterilize by autoclaving.

5 M NaCl solution

Sodiam chloride 29.25
Distilled water to 100
Dispense the solution into aliquot and sterilize by autoclaving.

10X Tris borate buffer (10X TBE buffer)

73

ml

mi

ml



T4
Tris — base 100 g

Boric acid 55
0.5 M EDTA (pH 8.0) 40

mi

Adjust volume to 1,000 ml with distilled water. The solution was mixed and
store at room temperature.

10. 6X loading dye

Bromphenol 0.25 g
Xylene CV 0.25 g
Glycerol W7 50 mi
1M Tris ( 7S - 1 mi
Distilled w. G 100 mi
Mixed and sto
11. 7.5 M Ammanium & -_-
Ammo ' ﬁ;’—\ | 57.81 g

Distilled \Vﬂf 80 mi
S TR (1A R R

12. 25:24:1 (v/v) Phenol-chlorofarm-isoamyl alcahol

‘Q%nﬂﬁ nimummamﬂ

Chloroform 24 volume

Isoamyl alcohol 1 volume



13.

14.

15.

Mix the reagent and store in a sterile bottle kept in a refrigerator.

12% Non-denature acrylamide gel (wiv)

40%acrylamide: Bis (19:1) 3
5X TBE 1
10% ammoniumpersulfate 105

TEMED 8
H,0 6
Dissolve by heatifigin mictowave oven and eccasional mix.
TE buffer
Tris base 1.21
5M EDTA 200
AdjustpHto 7. slume to 1.0 litre with H,O.
3 M Sodium a
:d 40.82

I
dH2o )

80

TSNS

Adijust volume to 100 ml with"dH,O, and sterile by autoclaving.”

ﬂ,ﬁl@ﬁ NATBNIVIEINE

Tryptone 10

Yeast extract 5

75

mi

mi

mi

mi
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NaCl 10 g
Adjust the pH to 7.0 by adding 5N NaOH

Adjust volume to 1.0 litre with dH,0 with sterile water, and sterilize by
autoclaving

17. LB agar

Tryptone 10 a
Yeast extract 5 g
NaCl 10 g
Agar 10 a
Adijust the pH
Adjust volu e water, and sterilize by
autoclaving

18. Sodium Bisulfite

Sodium Bis 3.76 g

Yie iV

0

adjust the pH 5.0 by adding 10 M NaOH

RN UUINYUSNNG )
FRTIINIUUATINEFIREY ™

9 dH,0

mi

Protected from light by cover with foil
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